Membrane arachidonic acid concentration correlates with age and induction of long-term potentiation in the dentate gyrus in the rat.
We examined the induction and maintenance of long-term potentiation (LTP) in vivo in the dentate gyrus of 4-month-old and 22-month-old urethane-anaesthetized rats. High-frequency stimulation of the perforant path induced an immediate increase in the slope of the population excitatory postsynaptic potential (EPSP), which was sustained in the 4-month-old animals for the duration of the experiment (45 min post-tetanus). In the 22-month-old group, the mean slope of the population EPSP decreased almost to baseline by the end of the experiment. Examination of the individual records indicated that LTP was sustained for the duration of the experiment in half of the 22-month-old animals, while in the others only post-tetanic potentiation was observed. Membrane arachidonic acid concentration was reduced in aged compared with young animals and was lowest in the subgroup of aged animals which failed to sustain LTP. Potassium-stimulated, calcium-dependent release of glutamate was also decreased in aged compared with young animals, but LTP was associated with an increase in glutamate release in the 4-month-old group and 22-month-old subgroup in which LTP was successfully sustained; no change was observed in the 22-month-old group in which LTP was not sustained. The results indicate a correlation between membrane arachidonic acid concentration, glutamate release and ability to sustain LTP in aged animals.